Abstract. The full LINC-NIRVANA instrument will be one of the most complex ground-based astronomical systems ever built. It will consist of multiple subsystems, including two multi-conjugate ground layer AO systems (MCAO) [1] that drive the LBT adaptive secondaries [2, 3] , two mid-high layer AO systems with their own Xynetics 349 actuator DM's , a fringe tracker, a beam combiner, and the NIR science camera. In order to mitigate risk, we take a modular approach to instrument testing and commissioning by decoupling these subsystems individually. The first subsystem tested on-sky will be one of the ground-layer AO systems, part of a test-bed known as the Pathfinder. The Pathfinder consists of a 12-star pyramid wavefront sensor (PWFS) that drives one of the LBT's adaptive secondaries, a support structure known as "The Foot," and the infrared test camera (IRTC), which is used for acquisition and alignment. The 12 natural guide stars are acquired by moveable arms called "star enlargers," each of which contains its own optical path. The Pathfinder was shipped from MPIA in Heidelberg, Germany to the LBT mountain lab on Mt. Graham, Arizona in February 2013. The system was unpacked, assembled in the LBT clean room, and internally optically aligned. We present the results of our system tests, including star enlarger alignment and system alignment. We also present our immediate plans for on-sky closed loop tests on the LBT scheduled for late Fall. Because plans for all ELTs call for ground layer correction, the Pathfinder provides valuable preliminary information not only for the full LINC-NIRVANA system, but also for future advanced MCAO systems.
Introduction
LINC-NIRVANA is the near-IR Fizeau interferometric beam combiner of the LBT that will achieve 10 mas resolution (in J-band) over a 10 arcsec field of view using two-layer multi-conjugate adaptive optics (MCAO) and fringe tracking [4] . The ground-layer wavefront sensor (GWS) for the DX side of the LBT, called the Pathfinder [5] , is currently being commissioned at the telescope with first light scheduled for November 2013. Fig. 1 shows the Pathfinder mounted to the platform of the LBT.
The main components of Pathfinder are the GWS with 12 PWFSs [4, 5] that move independently to acquire natural guide stars, a blue steel support structure called "The Foot" that supports the GWS at the same height as the full LINC-NIRVANA optical bench, the IRTC, the electronics cabinet, and an annular mirror design to send a 2-4 arcmin annular field to the GWS (Fig. 3) . 
Layout

Optical layout
The pupil re-imager the optical design is a folded, prime focus like station, with the folding realized by means of a mirror with central hole where the final refractive optical group is located. This is a wellknown and used approach for the so-called folded Schmidt-cameras employed in spectroscopy and, sometimes, in UV wide-field telescopes for space applications (Figure 28 ). The task of the pupil reimager is to create 4 images of the pupil (obtained through the splitting operated by the 12 pyramids, which are the last element of the star enlargers) where the light coming from the twelve references is superimposed. The first PR-I optical element is a 310mm wide flat mirror, folding the light toward a 274mm wide parabolic mirror (here we refer to clear apertures). The light focused by the parabolic mirror is collected by a refractive objective, acting as a prime focus corrector and physically positioned in a hole in the center of the flat mirror. The Objective consists of 4 lenses with spherical or flat surfaces and completes the pupils re-imaging on the detector (Unit 4).
Mechanical layout
The PR-I main mechanical structure is designed to allow the optics relative positioning, according to the optical design, which foresees the folding of the optical axis ( Figure 29 ). Dedicated mounts allow the optics fine tuning, thanks to a number of degrees of freedom to be used during the Unit internal alignment.
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Current status
The 2013 commissioning plan for Pathfinder is shown in Table 1 . At the time of this writing, T1-T4 have been completed and T5 will begin in a few weeks. 
Shipping from Heidelberg and initial system assembly and test
In February 2012 the Pathfinder was shipped from the MPIA laboratory in Heidelberg, Germany to the LBT mountain lab. The system was unpacked and assembled during the T1 commissioning run in March. The wobble of the rotator bearing was measured using an auto collimating interferometer (Fig.  4 ) and found to still be in spec after the long trip from Heidelberg. The star enlargers were precision aligned to the rotation axis of the bearing so their pupil images all optically coadd correctly on the [6, 7] . The cooling manifold for the Pathfinder was installed and test, as were all motors, the annular mirror, and the "Magic Lantern" (ML) calibration source. Fig. 4 The optical test setup for measuring rotator bearing "wobble." The GWS had not yet been craned to "The Foot," which occurred later in T1.
Star enlarger mapping and Magic Lantern tests
During the T2 commissioning run in April, the team mapped the coordinate system of the star enlargers using two different methods. The first was to photograph all of the star enlargers as each one was moved individually over its travel range using a stationary SLR camera. These photographs were then calibrated against a spatial reference of known size. The second method was to use the ML to simulate a point source on each star enlarger that produces pupil images on the CCD50 ( Figure 5 ). The ML is an F/15 telescope simulator mounted on three precision translation stages that can move a simulated guide star by a known distance in the field. Known displacements of the simulated star were then used to map the motion of the star enlargers.
Also on T2, software interfaces with the LBT telescope control system were tested. Slopes were sent from the GWS to the LBT adaptive secondary. Other routines were also tested, such as a routine to automatically center the guide star on the tips of the star enlarger pyramids.
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Pathfinder to telescope alignment
The alignment of the Pathfinder mechanical rotation axis to the optical axis of the DX side of the LBT presented a unique challenge because of the absence of any on-axis optical surfaces or fiducials due to the annular field of the instrument. To solve this problem, a rotating laser test was designed that involved mounting a laser on the GWS and reflecting it off the annular mirror to the tertiary and then to a translucent alignment screen (Fig. 8 ) positioned at the telescope prime focus. The Pathfinder bearing was then rotated, thereby tracing a circle with the laser on the alignment screen. The center of this circle defines a point in space through which the mechanical axis of the Pathfinder passes (Fig. 6 ). ith In a second configuration, the alignment laser is reflected from the GWS to the annular mirror to the tertiary to the secondary and then to the alignment screen from the other side (hence the need for a translucent screen). The GWS bearing is again rotated tracing a circle with the laser on the alignment screen. The center of this circle defines a point in space through which the optical axis of the telescope passes (Fig. 7) . By going back and forth between the first and second configuration of this test and iteratively adjusting the tip/tilt of the annular mirror and the tertiary, the centers of these two circles are made to be coincident and the mechanical axis of the Pathfinder is thereby aligned to the telescope optical axis. Fig. 8 Our translucent alignment screen mounted to the secondary, located at the prime focus. A small video camera on a post is mounted a few inches from the alignment screen to give us a detailed view of the laser spots. This cage normally holds the LBT retroreflector that is used for calibrating the adaptive secondary mirror.
Fall 2013 Commissioning Plan
The final two commissioning runs of 2013, T5 and T6, will both have as their objectives off-sky and on-sky closed loop tests. Each run consists of approximately one week of daytime engineering time followed by two nights of technical time.
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Off-sky closed loop test
We have designed an off-sky double pass closed loop test similar to that used by the LBT FLAO system that will be used to run the Pathfinder AO system closed loop off-sky in order to calibrate the interaction matrix. As our light source, we will use the Magic Lantern calibration source with a few modifications. The stop of the ML will be enlarged to produce a beam faster than the telescope F/15 beam so that we will over-fill the secondary. The ML will launch this ~F/11 beam through a beamsplitter to the tertiary and secondary and then into the retroreflector (RR), an on-axis paraboloid and flat pair (the same used by the other AO teams at LBT). The return beam from the RR will reflect off of the beamsplitter to another beamsplitter that will send part of the light to a technical viewing camera located in a focal plane and the rest to the pyramid tip of on of the star enlargers. The technical viewer will be used to image the spot and give a visual measure of gross coma that would saturate the PWFS and can be aligned out. Then the GWS will be used to close the loop on the whole test with the secondary mirror. As with the FLAO system, artificial turbulence can be injected into the secondary in order to simulate our on-sky performance.
On-sky closed loop test
With our off-sky calibrated interaction matrix we will close the loop on natural guide stars during our nights in both T5 and T6. In doing so, we will gain experience acquiring one natural guide star, followed by acquiring two or more simultaneously. As we acquire more guide stars, the Strehl over our field becomes better and more uniform (Fig. 9 ). 
Conclusion
The Pathfinder, the first LINC=NIRVANA subsystem at the LBT, proceeds through the 2013 commissioning schedule towards on-sky closed loop ground-layer AO in the next few months.
